ABSTRACT The Islamic Republic of Iran is in the pre-elimination phase of malaria control, but malaria epidemics are still a concern in the south of the country. This retrospective study presents the epidemiological characteristics and predisposing factors of 60 of the malaria epidemics reported in Sistan va Baluchestan province during 2005-09. A zero-truncated negative binomial model was used to investigate the relation between predictor variables and the total number of malaria cases. Malaria epidemics occurred mainly in the southern part of the province, mostly between July and October, peaking in August. Most malaria epidemics were small-scale (68.3% were < 100 cases) and short (51.7% lasted < 1 month). Plasmodium falciparum was present in 46.7% of the epidemics. An increase in the rainfall rate as well as population movements were the most significant predisposing factors. The results may help inform an epidemic investigation and reporting system as the country approaches the malaria elimination phase. 
Introduction
The Islamic Republic of Iran is in the preelimination phase of malaria control, in which elimination and prevention of its reintroduction are the main objectives [1] . Successful implementation of malaria control measures has resulted in a major decline in malaria incidence in the country in the last decade [2] . After considering the positive results of a feasibility study of malaria elimination strategies in line with World Health Organization advice, and after receiving the approval of the Iranian Ministry of Health and Medical Education, the Malaria Control Department planned to eliminate malaria from the country within a few years. This programme, begun in 21010, aimed to eliminate local transmission of Plasmodium falciparum by 2014 and local transmission of malaria in general by 2025. Among the main strategies to achieve these goals are the implementation of a comprehensive system to predict upcoming malaria epidemics based on predisposing factors and the provision of the required capacity for preventing the disease and planning an effective response to epidemics [3] .
A malaria epidemic is defined as an unexpected increase in the number of malaria cases at a particular time and place [4] . Such epidemics are considered as health emergencies, placing a heavy burden on the health status of the affected population [5, 6] , mainly because they often occur without warning [7] . Low-endemic areas are more prone to malaria epidemics as the transmission rate is low and there are long inter-epidemic periods [6] . Previous studies in the Islamic Republic of Iran have described the overall malaria situation [8, 9] , investigated the relationship between meteorological variables and malaria incidence, assessed the feasibility of malaria early warning systems [10] , and designed a spatial model of malaria incidence [11] . These researches, however, have studied the overall incidence of malaria rather than its epidemics. Therefore, many issues concerning malaria epidemics in the country remain unsolved. These include the lack of an ongoing, comprehensive epidemic reporting system about where and when such epidemics occur and the number of people affected, and a lack of knowledge about the predisposing factors for epidemics.
Sistan va Baluchestan province, which reports about 60% of all the country's malaria cases, is the main area for local malaria transmission in the Islamic Republic of Iran [9] . This province borders Pakistan and Afghanistan, where there is considerable cross-border population movement. Annually, a number of malaria epidemics occur within the province. The main purpose of this study was to describe the epidemiological characteristics and predisposing factors of the malaria epidemics reported from this province over a 5-year period.
Methods
Data were collected for a 5-year period (2005-09) in Sistan and Baluchestan province, during which 60 epidemics were recorded. To increase the sensitivity of the definition of epidemic, we considered an epidemic to be any sharp rise of malaria cases in a focus which was greater than the expectations of local health staff for that specific time and place.
For each epidemic which was recorded and reported we asked local health staff to complete a form to record the time, location and duration of the epidemic, total number of malaria cases, number of P. falciparum and P. vivax cases and the transmission type (local transmission or imported). An imported case is a case who has a history of travelling to an infected area (outside or inside the country) other than the area of investigation within 2 weeks before the diagnosis. Staff were also asked to review their records on reported epidemics for the presence of certain predisposing factors, including: population movements, drought, social conflicts, environmental manipulations, agricultural interventions, abnormal or unexpected rainfall, appropriate humidity and temperature and/or abnormal wind. These were based on the records of epidemic investigation reports available in the local health system.
Considering the overdispersion of the data (i.e. the variance was greater than the mean) and this fact that epidemics with no cases are meaningless, a zero-truncated negative binomial model was used to analyse the association between the predisposing factors and total malaria cases as an index for determining the intensity of malaria epidemics. The incidence rate ratio (IRR) is the ratio of the number of cases in those epidemics which have a certain factor over those which do not, adjusted for other factors. Variable entered in the model and therefore adjusted for were: population movements, drought, social conflicts, environmental manipulations, agricultural interventions, abnormal or unexpected rainfall, appropriate humidity and temperature and/or abnormal wind. Sensitivity of the variables was calculated in order to estimate the predictability of each predisposing factor to accurately predict the incidence of the malaria epidemic.
Results
The monthly distribution of the malaria epidemics is shown in Figure 1 . No epidemics were reported between December and March. The majority of epidemics occurred between July and October, peaking in August. A small rise was reported in May. There was also another peak in October, after a sharp drop in September.
The geographical distribution of the epidemics in different districts is shown in Figure 2 . Malaria epidemics mostly occurred in the southern part of the province in Chahbahar, Nikshahr and Sarbaz districts. Table 1 shows the total number of affected cases and the duration of the epidemics. Most malaria epidemics were small-scale outbreaks [41/60 (68.3%) involved < 100 cases] and of short duration [31/60 (51.7%) lasted < 1 month].
In just over half of epidemics (32/60), P. vivax was the only parasite, while P. falciparum, alone or in association with P. vivax, was reported in 28/60 (46.7%) of the studied malaria epidemics (Table 2) . Locally transmitted cases were seen in nearly all the epidemics (59/60). Pearson chi-squared test revealed a significant association between the presence of imported cases and P. falciparum as the underlying cause in these epidemics (P < 0.02).
The frequency of the 12 investigated predisposing variables in the epidemics is shown in Table 3 . Population movement was the most frequent factor among the studied vulnerability factors, recorded in 42/60 (70.0%) of epidemics. Meteorological variables such as abnormal or unexpected rainfall (in 60.0% of epidemics), appropriate temperature (76.7%) and appropriate humidity (71.7%),also frequently accompanied malaria epidemics.
The number of malaria cases in epidemics where the variables were present and not present are also shown in Table 2 and the final columns of the table show the result of zero-truncated negative binomial model for determining the association between predictor variables and the total number of malaria cases in the epidemics. Rainfall was positively associated with the size of epidemic (adjusted IRR 3.64; 95% CI: 1.64-9.06), while the population Table 1 also shows the sensitivity of the 4 main predictors of malaria epidemics, based on their size and duration. The sensitivity of population movements as a predictor decreased from 81.3% in epidemics with < 10 cases to 57.9% with > 100 cases. The sensitivity of rainfall as a predictor rose from 31.3% to 89.5% respectively ( Table 1 ). The sensitivity of humidity and temperature were similarly high for small and large epidemics. There was no pattern in the data indicating an association between duration of epidemics and the sensitivity of predisposing factors to predict malaria epidemics.
Discussion
Our results revealed that malaria epidemics in Sistan va Baluchestan were characterized by mainly small and short outbreaks with a temporal and spatial pattern. In addition, rainfall, temperature, humidity and population movements were the most frequent predisposing factors contributing to such epidemics. Rainfall was positively associated with the size of epidemics, while population movements were negatively associated with epidemic size.
Our study suffered from certain limitations. First, it only assessed malaria epidemics that had been detected and reported by the health system. It is therefore possible that smaller outbreaks were overlooked. Secondly, epidemics were defined simply as a higher than expected incidence of reported malaria cases, and so the exact criteria used to report an epidemic was not defined. Finally, we only investigated distal determinants of malaria epidemics such as social and meteorological factors rather than proximal predictors such as vector populations and man-vector exposure.
In our study, malaria epidemics mostly occurred between July and October, peaking in August. Another peak was also reported in May; this peak, however, was not as high as the other one. Salehi et al. reported the same pattern for malaria in the same province during 2005-08 [9] . No epidemic, though, was reported between December and March. This might be due to the limiting influence of temperature in this period, which is usually lower than the minimum temperature required for the development of sporozoites. There was also another peak in October, after a sharp drop in September. We cannot suggest any meaningful explanation for this. It might have occurred by chance or as the result of under-reporting of malaria epidemics in September.
Most malaria epidemics were small outbreaks of < 100 cases and just over 50% of them resolved in < 1 month. The density of epidemics was higher in southern districts. Larger epidemics mostly occurred in Chahbahar, Nikshahr and Sarbaz districts, which tend to have the highest malaria infection rates [9] . Smaller outbreaks still occurred in other places in the province. There seemed to be a spatial correlation between the incidence of malaria and the development of epidemics, as both were higher in the southern parts of the province [9, 11] . Higher temperatures in the south provide a longer period for local transmission to occur over the year [12] . This may be another reason accounting for the higher incidence of both epidemics and cases in the southern areas. While the sensitivity of population movements as a predictor decreased in larger epidemics, the impact of rainfall as a predictor became higher as the size of the epidemics increased. This association was also confirmed when using the zero-truncated negative binomial model, indicating that the epidemics were unlikely to progress beyond a small outbreak if the environmental condition for transmission was not appropriate, even after the introduction of a new parasite through population movement. On the other hand, rainfall provides a favourable environment for epidemics to expand and affect more of the population. The sensitivity of humidity and temperature for either small or large epidemics was equally high, although these 2 factors have a limiting effect on malaria transmission. The epidemics, therefore, would not occur in their absence [13] .
P. falciparum was reported in almost half of the studied epidemics. This prevalence was considerably higher than that found by Raeisi et al., who reported that 90% of malaria cases found in Islamic Republic of Iran between 2002 and 2007 were caused by P. vivax [8] . Similarly, Salehi et al. reported the prevalence of P. vivax to be as high as 81% in Sistan va Baluchestan province between 2005 and 2008 [9] . P. falciparum malaria has a more severe natural course and has the potential to cause more deaths. On the other hand, P. vivax was found in almost every epidemic. It is accompanied by latent infection and relapse; therefore, incomplete treatment of the cases might activate previously inactive malaria foci and contribute to a new epidemic.
All except one of the epidemics investigated included indigenous cases. While the number of imported cases has reduced recently, about 20% of malaria cases found in Sistan va Baluchestan province are still classified as imported, mainly from Pakistan and Afghanistan [9] . Given that the environmental conditions are favourable for local transmission, introducing new cases would establish the transmission cycle, leading to an epidemic. However, the extent to which imported cases are responsible for flare-ups of epidemics is not exactly clear. Furthermore, as shown in Figure 1 , the major epidemics occurred in districts adjacent to Pakistan. As the malaria control programme was conducted in all regions of the province, it can be concluded that the source of some of the epidemics was in Pakistan.
Higher rainfall as well as higher temperatures and humidity were the main meteorological variables accompanying malaria epidemics in the present study. Population movement was seen in the majority of epidemics as well. While these findings were approved by many studies [12, [14] [15] [16] [17] [18] [19] , the mechanisms by which these variables make the region susceptible to epidemics are not yet fully understood [20, 21] . Salehi et al. reported a negative correlation between rainfall and the incidence of malaria in Sistan va Baluchestan province [11] . Although the annual rainfall decreases from north to south in the province, the presence of other factors such as being in the neighbourhood of Pakistan, cross-border movements and lower socioeconomic status are probable factors making the southern part of the province more susceptible to both higher malaria incidence and epidemics. Nevertheless, the correlation between the annual rainfall rate and malaria incidence should be differentiated from the sensitivity of rainfall in causing such epidemics. In conclusion, as the malaria epidemics were mainly small-scale, short outbreaks, the health system can respond to them if well prepared. On the other hand, considering the fact that the malaria control programme in the Islamic Republic of Iran is approaching its elimination phase, even short and small outbreaks occurring in scattered foci can create major obstacles to achieving the final targets of the programme. The high sensitivity of certain meteorological and vulnerability factors shows that developing a malaria early warning system based on these indices plays an important role in eliminating malaria from south-east Islamic Republic of Iran. An epidemic reporting and investigation system might provide the information required for developing and modifying the system after it is launched. However, further research is necessary to study the relationship between climatic and socioeconomic factors and the development of malaria epidemics and to determine the lead time for each variable before the epidemics occur.
